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CHEMICAL ANALYSES

a = field determination using*HACH test kit NI-12; b = field determination
using®HACH test kit IR-18B; o = estimated from bicarbonate values; d = ni-
trate sample collected between 1970 and 1976; ¢ = arsenic and nitrate sample

CHEMICAL ANALYSES--Continued
a = field determination using¥HACH test kit NI-12; b = field determination
using®HACH test kit IR-18B; ¢ = estimated from bicarbonate values; d = ni-
trate sample collected between 1970 and 1976; e = arsenic and nitrate sample
collected between February 1976 and September 1977
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collected between February 1976 and September 1977

CHEMICAL ANALYSES--Continued

a = field determination using*HACH test kit NI-12; b = field determination
using®HACH test kit IR-18B; ¢ = estimated from bicarbonate values; d = ni-
trate sample collected between 1970 and 1976; ¢ =

arsenic and nitrate sample

collected between February 1976 and September 1977 Map Arsenic Nitrate Iron Hardness| Samp
Map Arsenic ’ Nitrate Iron Hardness|  Samp- Map . Ar;enic Ngitafgeu) {;“? Harggggs ??mp' no. Location As NO3 (as N) | (Fe) as CaC0;| ling
no. Location As NO3 (as N) | (Fe) as CaC0y Tling no. Location (As) 3 e as 3p 1ng {ug/L) (mg/L) (mg/L) (mg/L)| date
(ug/L) (mg/L) ~ |(mg/L} | (mg/L)]| date (uo/L) (g/L)  |mo/L) | (mg/L) | date -
Sec.30,T.1 N.,R.1 W.--Continued
Sec.3,T.1 N.,R.1 E. Sec.20,T.1 N.,R.1 W.
39 250 -- -- -- e
1 -- <0.1 - - /N ! 40 0.5 b 1.4 - |62 40 - 55 - - onn
2 < 0.2 - - e 2 21 -- -- - é 41 <1 0.1 -- -- | e,03/72
3 <1 0.2 - - e 3 6 - - - ¢ 42 < 0 2 564 e
3 <l -l -- -- . 4 18 -- -- -- e 43 12 0 -- -- e
5 2 0.4 - . e 5 14 - - - e 44 <1 17.6 - - e
6 4 0.3 -- -- e 6 290 o . = ¢
7 3 = - -- . g g - - - € Sec.31,T.1 N.,R.T W.
== - == e
Sec.4,T.1 N.,R.1 E. 9 6 - =" - e 1 -- 16 5.2 560 |04/28/71
}? ;5 11.5 -- -- e § -- 1.4 43 780 {10/21/48
- — == - - 4 - - - e
1 ’ *? P> 02 12 7% 8 (b1 100 l0o/28/76 b 2 T o = :
16 150 0 < 5 - - -
Sec.9,T.1 N.,R.1 E. 17 1 . b 2 e 200 |0s/12/76 H <]7 = = . 08/262/75
18 2 al b 1 --  107/29/76 7 3 - - - e
1 ] 0.1 - - e 19 0 12 b <1 ¢ >200 08/30/76 8 54 - - - e
: Lol bd | T e g L R : A
. < - 0 -- 0.1 -- -- 05/72
3 3 a0 b <1 -- 110726/76 Sec.21,T.1 N.,R.1 . ) '
5 5 al b 1 c <100 | 11/03/76 Sec.33,T.1 N.,R.T W
6 0 ao b 1 ¢ <100 e 1 76 16 b <] ¢ >200 e
2 m 7.1 b <1 ¢ >200 e 1 -- <0.1 - -- 12/72
Sec,15,T.1 N.,R.1 E. 3 135 - - -- e
4 22 - -- -- € Sec.34,T.1 N.,R.1 W
1 -- 0.5 -- -- 11/73 5 33 -- -- --  |08/26/75
6 6 - -- -- e 1 -- 0 13 320 --
Sec.16,T.1 N.,R.1 E. 7 52 - - - e
0.2 11773 8 g.z 1.0 -- -- | e,08/72 Sec.36,T.1 N.,R.1
1 -- . -- -- 9 -- -- -- e
2 -- 0.3 -- -- 11/73 10 99 1.1 -- -- e 1 - 6.9 - - 06/72
3 -- <0.1 -- -- 11/73 n 3 2.1 -- -- e 2 -- N 0 473 |09/30/66
4 -- 0.5 - -- 07/71 12 37 2.1 - -- ¢ 6 -- 0.2 16 634 |08/20/47
5 -- 0.4 -- -- 07/Nn 13 22 1.2 -- -- e 7 1 4.1 - - o
6 6 0.4 -- -- e 14 62 1.0 -- -- e
7 1 0.5 -~ -- e Sec.10,T.1 N.,R.2 W.
8 7 0.2 -- -- e Sec.22,T.1 N.,R.1 W.
9 12 -- -- - e 1 " . 1 <1 -- -- -- e
Sec.17,T.1 N.,R.1 E. g ? -- -- - |08/26/75 Sec.11,T.1 N.,R.2 W.
. . 2.2 -- - e 1 - 0.3 -- -- |03/05/74
; sl I o : : N - : TN SR R I N
2 b N = i A p a - - - P 3 2 14.7 -- - e
: 9 - - - - 7 <1 4.2 - -- e Sec.12,T.1 N.,R.2 W.
5 54 - . . e 8 - <0.1 -- -- 06/72 1 0 0 .
6 2 -- -- -- e 9 <1 4.4 -- - e - -
7 18 a0 b2 - 109/27/76 10 <1 3.1 -- -- ¢ § 2 ?'? - - :
8 - ao 37 = 09/29/76 1y < ’ = = 03/77 a 0 a<l b1 278 |04/09/77
g 250 a0 b <1 160  10/28/76 12 -- 8.4 -- -- e . 9 0.5 ! 74 A
10 50 a0 32 e >200 {(11/02/76 e o 18 - = e
n <1 - - - e Sec.23,T.1 N.,R.1 W. 7 a - - - -
18 300 5.2 2.6 | ¢ 588 [01/19/77
- - . N 106 |08/18/54 8 1 - -- -- 108/25/75
19 50 1.9 8.4 03N1177 ’ . °:° 2 06 0811 9 0 9.9 0.6 438 |07/02/69,¢
Sec.18,T.1 N.,R.1 E. 3 13 <0.1 -- -- d,e 10 -- 0.1 -- -- 07/7
ec.18,T.1 N.,R.1 E " 33 6 . - e}g%;g 11 <1 0.4 - - e
1 5100 -- -- -- e 5 <1 6.4 - - e
2 0 a? b >3 - |o9s29/76 6 -- 7.5 -- -- 07/7 Sec.14,T.1 N.,R.2 W.
3 57 a3 b 2 - |11/22/76 7 -- 12 -- -- | 08/08/72 1 -- 0.7 0.25 192 109/29/66
4 10 -- - -- e 8 43 5.9 - - e 2 0 1.8 -- - e
5 115 - - - e ] 4 -- - -- € 3 16 10.5 -- -- e
6 <1 -- - -- e 10 <1 1.8 -- -- d,e 4 8 -- - -- |08/29/75
7 380 - - - e }; 3} - - -- ¢ 5 0 - - - e
8 150 -- -- -- e - -- - 6 37 0 -- -- e
9 33 a0 9 e <100 [11/22/76 13 -- 13 -- - 06/72 7 0 7.3 -- -- e
10 2 -- -- -- e 14 -- 26 -- -- 08/72 8 23 0 -- -- e
12 L - - - : 8 s <l - - - Sec.15,T.1 N.,R.2 W
13 0 4.6 1.6 |c 300 |04/06/76 Sec.24,7.1 N.,R.1 W. 1 1 2.7 1.8 472 |08/25/75
2 <1 -— -- - e
Sec.19,T.7 N.,R.1 E. 1 -- 7.5 -- - 12/72 3 <1 2.1 -- -- e
2 -- 1.3 - - 08/73 4 <10 -- -- -- e
1 -- 12 -- -- 04/73 5 -- 0.1 0.31 335 |08/17/54 5 <1 -- -- - e
2 -- 2.3 -- -~ |08/31/73 9 -- 19 0.18| 245 {10/08/48 6 <1 -- -- -- e
3 .- 6.2 -- -- 09/7 7 2 -- -- -- e
g kK 3': 2.0 230 825;} Sec.25,7.1 N.,R.1 W. Sec.21,7.1 N.,R.2 W
6 5 - - - e i 3 2 - -- e 2 29 <0.1 -- -- 108726175
7 3 - - -- los/26/75 2 -- <0.1 - -- 108/31/73 3 3 -- -- -- 108/27/75
17 0. -- -- 2 1 ONLGRL2 WL
H A o = I A Sec.26,T.1 N.,R.1 W. Sec.25,T.1 N.,R.2 W
10 130 - - - e 1 -- 1.5 0.15 219 |09/30/76
25 6 0 b 2.3 lc>200 [03/28/77 1 -- <0.1 5.3 434 |12/22/54 2 4 -- - - e
26 13 2.1 b <l c >200 |04/05/77 2 2 -- -- -- |08/26/75 3 -- <0.1 9.8 1220 |08718/54
28 1 1.3 b <1 -~ |03/29/77 4 4 -- - -- ¢
Sec.28,T.1 N.,R.T W. 5 220 - - - e
Sec.20,T.1 N.,R.1 E. ] o 0672 g - 3.0 -- -- 06/72
- <0. - - < - - -- e
1 -- 0.0 26 76 [06/25/49 2 ) - -- -- e
2 - 0.2 -- -~ {03/05/74 i <; -- -- - e Sec.26,T.1 N.,R.2 W.
3 - 0.6 -- -- 12/72 -- -- -- e
4 - 0.3 0.16] 271 |12/22/54 5 <1 -- -- -- e 1 23 4.5 n 644 [08/20/75
5 - 2.4 - -- 12/72 6 < - -- -- e 2 1200 -- -- - e
6 -- 1.0 -- -- 06/72 7 <1 -- -- -- e
7 5 - - - e 8 0 1.2 <1 ~~ |o4s04777 Sec.27,T.1 N.,R.2 W.
8 <1 - - - e
9 -- 12 -- -- 05/72 Sec.29,T.1 N.,R.1 W, 3 1102 <0.1 13 460 [02/18/76
10 - 15 - - -- -- -- -- 108/25/75
15 0 a0 36| - losperm 1 - 2.5 0.1 | #18 |09/30/66 /25/
16 0 13 b 0.4  C>200 |04/13/77 2 ; -- -- -- e Sec.35,T.1 N.,R.2 W
3 - - -
Sec.21,T.1 N.,R.1 E. : < - -- - ¢ ] 52 - -- -~ 108/25/75
- - - - - - e
3 -- <0.1 0.08! 122 |08/31/54 6 13 -- -- -- ¢ 4 100 - - - e
7 5 - - -- e 5 25 - -- -- |08/25/75
Sec.22,T.1 N.,R.1 E. 8 <1 - -- -- ae 6 540 - -- -- los/25/75
9 3 1.6 -- -- »e 7 80 0.6 0.73 258 |07/01/68,
2 -- 5.9 0.93] 445 |03/02/65 10 <1 -- - -- 1976
1 50 -- -- - € Sec.36,T.1 N.,R.2 W.
Sec.30,T.1 N.,R.1 E. 12 <} - -- -- 2
13 < - - - 1 5 -- - -- €
1 -- <0.1 -- -- 04/70 14 <1 -- -- -- ¢ 3 0 - - - :
2 -- <01 - —- lossosy72 15 7 - -- -- e 08/26/75
Z - 12 - - gﬁ;;g }g <} . - - e Sec.5,T.1 S.,R.1 E.
- - - - - - e
: - 2.2 - 7 19 a - - - e ! -- 0.5 25 219 loan3yst
7 -- 0.3 1.7 360 09/30/66 20 ] -- - - : Sec.7,T.1 S.,R.11 E.
8 0 18 0.03 | 490 |01/07/76 g; <; - - - e
9 - <0.1 - -- 06/72 - - - 2 -- <0.1 2.2 178 {07/08/59
10 -- 27 0.02 580 |06/22/71 23 <1 °: Y . : 3 - <0.1 13 174 101/25/54
n -- 6.3 5.2 | 720 |0o/07/71 2 g 4.3 0 [e>200 110/18/76 2 - <001 1.9 18 |ov/ie/e
12 -- 47 0.10 582 |06/27/68 2 bt . - o . 5 -- 0.7 2.4 178 {02/09/51
}2 - 23 ] -- - $3§;2 2 d - - - e 10 -- <0.1 7.4 185 |06/06/52
15 -- 25 -- -- 06/72 gg :} = o it ¢ Sec.8,T.1 S.,R.11 E.
- - - e
Sec.1,T.1 N.,R.1 W, g? :} o - - e 1 -- 0.0 n 208 |12/18/58
32 < - - -- e 2 - 0.5 8.8 284 {04/13/51
1 144 - - - e 3 o} - = - . g - <8'} 1g ) ;42 12/22/58
- - - e -- <0. . 15 |oa/09/51
Sec.6,7.1 N.,R.T W. gg 243 = - - e 13 -- 0.0 4.8 188 [10/23/58
= - o e 15 -- 0.1 4.2 160 |06/10/52
1 1 -- -- - e 36 1
7 - 0.7 -- -- 06/72 Sec.15,7.1 5.,R.1 E.
Sec.7,T.1 N.,R.T W. gg {g 0 -- -- ¢
- - - i -- 0.1 -- -
1 - 3.6 1.4 256 |09/29/66 < 10/72
Sec.14.T.1 N..R.1 W Sec.30,T.1 N.,R.1 W. Sec.16,T.1 S.,R.1 E.
ec.14,1. . aR. .
: 8 - - -- e 5 - <0.1 8.3 172 {12/18/58
; a g3 - - e 2 2 - - = e 6 -- 0.1 4.0 162 |04/19/51
3 38 4.4 - . e 4 14 - -- -- e Sec.17,T.1 §.,R.1 E.
4 17 0 -- -- e 5 -- 8.0 - -- | 08/31/73
5 57 0 -- -- e 6 2 - -- -- ¢ 1 - <0.1 1.6 172 (04/23/71
6 2 1.8 -- - e 7 " 5 o - n/e 2 - <001 2.0 141 |06/27/52
7 ] 0.3 -- -- e 8 4 5 o - b 5 -- 0.1 4.2 173 |04/19/51
g 338 - - -- e 18 ¥ " g - 0.2 1.2 175 |04/13/51
- - - . - - - -
I S - 5 = L osies7s <0.1 1 154 |06/10/52
Sec.15,T.1 N.,R.1 W. 12 zg o 6 -- 08/}};;? Sec.18,T.1 S.,R.1 E.
13 ] - - | e,
2 8 a3l b1 c <100 [05/10/77 14 100 a? 12 -- | 08/20/76 1 - 0.1 2.0 140 [01/21/54
4 -- 0.6 - -- 04/73 15 0 -- 2 3 e >200 gg;}g;;g 2 - 0.1 -- 142 107/15/66
5 17 0.5 bel ¢ <100 {10/20/76 16 0 == ) 200 | ooroare 4 -- 0.1 7.4 179 |04723/51
17 0 -- 0.2 jc> 7 -- 0.1 4.4 151 |07/15/66
Sec.17,T.1 N.,R.1 W, 18 1 -- b0 ¢ >200 | 08/09/76
19 0 a g ?33 s ggfgg;;g Sec.20,7.1 S.,R.1 E.
1 -- 0.3 0.38 32 [01/08/62 20 2200 a >
21 50 a0 9.8 |c >200 | 09/07/76 1 -- <0.1 1.1 153 |06/27/52
Sec.19,T.1 N.,R.T W. 22 50 a0 bs -- | 09/09/76
23 100 a0 17 -- | 09/20/76 Sec.21,T.1 S.,R.1 E.
1 - 1.6 0 190 [09/29/66 24 500 ag b0 -- 09/54/32
: : VA B 27 B | aoc fea |°722 |z : - o S I b
6 60 1.0 - - . 28 380 8.6 - |e>200 | 0172077 . <0. - - 06/72
7 -- 0.4 - -~ d 29 3 -- -- -- e Sec.22,T.1 S.,R.1 E.
8 12 14 1.6 |c>200 [07/29/76 30 ;; 1.5 -- -- 595472 :
9 -- 1.3 -- -- d 31 == - == n . - - e
10 13 a4 b0 --  {08/20/76 32 <l 8.7 -- -- e
n 4 - b <1 -- 08;12576 33 <; 25.8 -- il ey Sec.28,T.1 S.,R.1 E.
12 2 - b 1 ¢ >200 |08/09/76 34 -- --
0.1 b 5 - [08/27/76 35 <1 -- -~ -- e 1 -- 3 - -
1 ; a0 - - £9;27§76 36 a 3.2 - - | e, 08/72 <0-1 06/72
37 <1 - - - e
38 <1 -- -— - e
. - ] )
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collected between February 1976 and September 1977
Map Arsenic Nitrate Iron Hardness  Samp-
no. Location (As) NO3 (as N) | (Fe) as CaC04 Tling
(ug/L) (mg/L) mg/L) (mg/L)| date
Sec.3,T.1 S.,R.1 W.
1 -- 0.1 8.9 282 |08/28/67
2 -- <0.1 - -- 07/7
3 - <0.1 - - 06/72
4 -- <0.1 -- - 06/72
5 -— <0.1 -- -- [08/09/72
6 -- <0.1 -- - 07/71
Sec.4,T.1 S.,R.1 H.
1 -- 0.0 3.4 270 |08/31/67
2 -- 0.9 8.6 670 |09/01/67
4 - <0.1 - - 05/72
5 -- 0.6 - -- 08/71
6 -- 0.4 -- -- 09/71
7 - <0.1 - -~ 05/72
8 - <0.1 - - 06/72
9 -- <0.1 -- -- 06/72
10 -- <0.1 - - 06/72
n -- <0.1 -- -- 06/72
12 -- <0.1 - -- 07/7
13 - 0.1 -- - 07/71
14 -- <0.1 -- - Wn
Sec.5,T.1 S.,R.T M.
1 -- 0.2 8.9 234 |09/01/67
2 -- <0.1 - -- 06/71
3 -- <0.1 -- -- 10/72
4 - 0.2 - - 06/71
5 - <0.1 -- - 04/74
6 -- <0.1 -- - 06/71
7 -- <0.1 -- -~ 04/72
8 - <0.1 -- -- 07/71
9 -- <0.1 - -- 05/72
Sec.6,T.1 S.,R.1T W,
1 -- 0.5 5.3 310 }08/29/67
2 - 0.1 1.7 168 |06/26/68
3 - 0.1 <0.1 278 {10/17/49
Sec.7,T.1 S.,R.T M.
1 -- 0.3 10 520 |08/28/67
2 -- 0.2 8.3 190 [08/30/67
3 - 0.1 3.8 177 |08/28/67
4 - 0.2 8.5 214 {09/01/67
5 -- <0.1 -- -- |08/09/72
6 12 <0.1 4.1 180 |01/30/76
7 42 <0.1 13 290 |01/30/76
8 -- 1.6 - -- 06/72
9 - 0.6 - -- 08/72
10 - <0.1 - - 06/72
n -- <0.1 -- -- o/
Sec.8,T.1 S.,R.T H.
1 -- 8.6 2.4 220 |08/29/67
2 -- 0.1 3.6 196 [08/28/67
3 -- 0.1 4.8 170 |08/29/67
4 -- 0.3 6.6 141 108/29/67
5 - 0.2 8.8 320 {08/29/67
6 -- <0.1 -- - 07/71
7 -- <0.1 -- - 06/72
Sec.9,T.1 S.,R.1 W.
1 -- 0.1 9.0 165 |08/31/67
2 -- 1.6 1.0 256 |08/27/67
3 -- 0.1 8.8 352 |08/30/67
5 -- 0.2 1.1 130 |08/20/47
Sec.10,T.1 5.,T.1 W,
1 - 0.1 3.1 370 |08/25/67
2 -- 0.0 8.6 263 |08/27/67
3 -- <0.1 -- -- 07/71
4 - <0.1 14 114 (07/15/48
5 -- 2.9 -- -- 06/72
6 -- 0.2 - 454 108/20/47
7 -- 0.1 7 213 |08/20/47
8 -- 0.2 4 92 |08/20/47
10 -- 4.1 -- 248 [08/20/47
12 -- <0.1 8.9 137 |08/20/47
13 -- 0.2 47 281 | 08/20/47
14 - 0.1 8.2 164 | 08/20/47
15 -- 0.2 2 210 |08/20/47
16 0 -- 3.2 180 |05/24/76
Sec.11,T.1 S.,R.T W.
1 - 0.0 2.7 250 |08/29/67
2 - 0.1 -- -- 07/71
3 -- 0.1 1.8 157 |03/29/57
4 - 0.1 - -- 108/31/73
5 - 0.1 - -- 07/71
6 - 0.1 -- -- 06/72
7 -— 0.1 -- - 07/71
8 -- <0.1 0.08 242 | 06/06/67
Sec.12,T.1 S.,R.1T W.
1 - <0.1 5.6 158 |07/07/59
2 - 0.0 0.85 165 |05/24/55
3 - <0.1 3.6 377 111/18/60
4 -- <0.1 -- -- 07/71
5 - 0.1 ~- -- | 08/08/72
6 -- 0.1 4.9 195 [08/17/51
7 -- <0.1 - -- o7/
Sec.13,T.1 S.,R.1 W.
1 -- 0.0 7.5 146 |07/19/55
3 - 0.2 2.4 202 {04/20/51
7 -- 0.1 3.1 148 {01/24/54
9 - 0.0 2.7 164 |03/26/54
n -- 1.0 3.6 177 | 04/23/51
12 -- 0.1 4.0 182 |04/23/51
13 - 0.1 2.3 158 |04/20/51
14 -- 0.1 2.3 134 [01/22/54
16 - 0.1 8.2 185 |06/05/52
18 -- 0.1 3.8 162 |06/05/52
22 - <0.1 7.1 131 [12/15/58
Sec.14,T.1 S.,R.1 W
2 - 0.1 4.2 121 | 01/25/54
3 -- 0.2 n 133 | 03/31/57
4 -- 0.1 16 200 |06/06/52
Sec.15,T.1 S.,R.1 W
1 -- - 7.2 - 08/67
2 - 0.6 8.6 176 {08/30/67
3 - -- 8.8 -- |08/22/67
4 - <0.1 -- -- 06/12
5 -- <0.1 - -- 108/09/72
I - 19 - -- 12/72
7 -- <0.1 -- - 06/N
8 - <0.1 - -- 06/72
Sec.17,T.1 S.,R.1T W
1 - -- 8.4 -- | 08/29/67
2 - -- 8.8 -- 08/67
3 -- <0.1 -- -- 108/08/72
4 - <0.1 -- -- 09/7
5 - <0.1 - - 06/72
Sec.18,T.1 S.,R.1T W
1 - <0.1 1.8 180 | 08/29/67
2 - <0.1 - -- 07/
3 -- <0.1 - - 07/
Sec.19,T.1 S.,R.1 W
1 -- -- 5.0 -- 108/31/67
2 -- - 8.3 -- 108/31/67
Sec.21,T.1 S.,R.1 W
1 - -- 8.3 -- 1967
5 - -- 8.6 -- | 08/30/67
Sec.22,T.1 S.,R.1 W
3 - -- 8.9 -- 108/29/67
Sec.23,T.1 S.,R.1T W
1 - - 8.8 -- [ 09/01/67
Sec.27,T.1 S.,R.T W.
1 - <0.1 >3 130 |08/30/67
Sec.1,T.1 S.,R.2 W.
2 -- 1.2 0.01 220 | 06/26/51
Sec.2,T.1 S.,R.2 W.
1 210 0.0 0.7 592 | 02/18/76
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CONVERSION TABLE
Multiply American units by to obtain metric units
feet (ft) 0.3048 meters (m)
gallons per minute 0.0631 liters per second
{gal/min) (L/s)
A microgram, as in micrograms per liter (ug/L), is the standard reporting
unit for some chemical constituents, and is 1/1000 of a milligram.
T4V 8§
EXPLANATION
14
ARSENIC — 4+—— NITRATE
HARDNESS IRON
Map number assigned within each section
(See table of chemical analyses, Sheet 2)
VALUE
SYMBOL
ARSENIC 3<50 pg/L | ——— 2 50 pg/L|No analysis
$4°51' 00" NITRATE §<10 mg/L - 210 mg/L | No analysis
IRON <1 mg/L |1-3 mg/L >3 mg/L No analysis
HARONESS <100 mg/L §100-200 mg/LE>200 mg/L | No analysis
Well with arsenic or nitrate concentration
exceeding U.S.Enivronmental Protection Agency
standard.
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CHEMICAL ANALYSES--Continued

a = field determination using®HACH test kit NI-12; b = field determination

using®HACH test kit IR-18B; ¢ = estimated from bicarbonate values; d = ni-
trate sample collected between 1970 and 1976; e = arsenic and nitrate sample

»

a

CHEMICAL ANALYSES--Continued
= field determination using®HACH test kit NI-12; b = field determination

using®HACH test kit IR-18B; ¢ = estimated from bicarbonate values; d = ni-
trate sample collected between 1970 and 1976; e = arsenic and nitrate sample
collected between February 1976 and September 1977

Map Arsenic Nitrate Iron Hardness[ Samp-
no. Location (Rs) NO3 (as N) [ (Fe) as CaC0y 1ing
{ng/L) (mg/L) (mg/L) (mg/L)} date
Sec.3,T.1 S.,R.2 W.
1 40 -- -- -- [04/19/76
2 55 - - -- 1976
3 I _ 53 - -- - 1976
5 320 - -- - 1976
6 400 - -- -- 1976
7 400 <0.1 -- -~ [08/31/73,¢
Sec.4,T.1 S.,R.2 W.
! 560 -- -- -
3 1009 - - - 08/22/75
4 3500 0 -- -- e
5 247 - -- -- 1976
6 2 -- - -- |05/27/76
7 87 - - -- e
g 700 -- - -- e
12 -- -- -~ 104/22/76
N 10000 -- - -- e(
12 16 - -- - e
13 56 -- -- -- 1976
14 30 9.5 0.06 420 |02/23/76
15 27 - - - e
16 40 - - - e
17 555 - -- - e
18 81 -- -- -- 1976
19 <1 38 b 0 604 104728777
20 150 -- -- -- |08/20/75
21 740 -- -- -~ |08/27/75
22 1 -- - --  |04/14/76
23 390 - -- - 1976
24 123 -- -- -- 1976
26 120 0.6 - - e
Sec.8,T7.1 S.,R.2 W.
1 235 -- -- -- 1976
2 210 2.6 0.07 430 [02/23/76
4 1 - -- - 1976
5 380 - -— - e
6 2 -- -- -- 104/13/76
7 138 10.5 - - e
8 86 -- -- -- 1976
9 7 -- -- -- |04/13/76
10 4 - - -- e
Sec.9,T.1 S.,R.2 W.
1 <1 -- -- -- 1976
2 3000 -- - -- |08/20/75
3 45 -- -- - 1976
5 0 -- -- -- |08/20/75
6 0 - -- -~ |04/20/76
7 10000 -- -- .- 1976
9 1700 0 -- -- e
10 1200 - - -- e
Sec.12,T.1 S.,R.2 W.
1 - <0.1 -- -- 07/N
2 14 - - -~ |08/23/75
Sec.13,T.1 S.,R.2 W.
1 - 0.1 8.2 174 108/30/67
2 - <0.1 -- -- 05/72
3 -- <0.1 -- -- 07/7
4 -- <0.1 -- -- 06/72
Sec.14,T.1 S.,R.2 W.
1 ;; 0.2 2.8 220 --
-- -- -- |08
Sec.15,T.1 S.,R.2 W. /23/75
2 13 -- - --  108/22/75
Sec.23,T.1 S.,R.2 W.
1 -- 0.4 8.4 190 (08/31/67
4 5 -- -- -~ |08/23/75
Sec.24,T.1 S.,R.2 W.
1 - 0.1 8.4 218 108/31/67
4 0 0.0 - 157 105702/76
Sec.27,T.1 S.,R.2 W.
1 12 -- - -- |08/22/76
Sec.29,T.1 S.,R.2 W,
] -- 0.7 0.1 288 [09/28/76
2 -- 1.0 - - 01/73
3 -- 1.3 -- - 12/72
1 0 -- -- -- 108/23/75
Sec.33,T.1 S.,R.2 W.
1 - 0.9 -- -- 08/72
2 -- <0.1 -- - 10/73
4 1 -- -- -- 108/23/75
5 28 -- == -- 108/23/75
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A' Metamorphic minerals such as those in bedrock of the Fairbanks The hardness of ground water depends on the length of time the
_ area do not contain oxidized nitrogen. Thus, in the Fairbanks area water has been in contact with minerals, the nature of the minerals, and
nitrate in ground water probably originates near the surface, where the corrosiveness (acidity) of the water. Calcium carbonate, a common
septic tank effluents, fertilizers or natural soil nitrates are possible mineral in bedrock of the Fairbanks area, is particularly susceptible tg
13 * 20 sources. attack by acidic water and may contribute to the hardness of local
ground water.
]4 22 Nitrate and chloride are major components of human and animal
] 5 wastes, and abnormally high concentrations of both suggest pollution by Hem (1970) stated that waters containing less than 100 mg/L hard-
T 19 jt 21 L these wastes (Brown, Skougstad and Fishman, 1970). In the Fairbanks ness are generally acceptable for comestic use, although the optimum
T A 4 area, ground water with concentrations of nitrate above EPA standards amount is a matter of consumer preference. At levels above about 200
-+ - . T dogs not have high chloridg concentrations. Fertilizers may also con- mg/L, hardness becomes evident in all uses. The EPA provides no recom-
| ‘ tribute nitrates to the soil, but they have not been used extensively in mended maximum or minimum levels of concentration for hardness of water.
" i - most of the study area. In light of Hem's observations, three ranges are portrayed on the map:
less than 100 mg/L, 100 to 200 L, and more than 200 mg/L.
1 : EXPLANATION Water sampled in the Fairbanks area had nitrate concentrations 9 ma/ o/
' § Map number of well L ranging from 0 to 59 mg/L; in most wells concentrations were less than Hardness of ground-water samples from the Fairbanks area ranges
H 10 mg/L. Seventy-nine percent of the wells yielding water with more from 17 to 1,220 mg/L. Hardness was more than 200 mg/L in 50 percent of
T Well producing water than 10 mg/L nitrate are at altitudes of 600-800 ft (130-240 m). Only the wells sampled and less than 100 mg/L in only 7 percent. Al1 but one
I with <50 ug/L Arsenic one sample on the flood plain exceeded 10 mg/L nitrate. of the samples containing less than 100 mg/L hardness were from wells
s == - . i . . d wat situated along the ridgetops at altitudes of more than 950 ft (290 m).
Well producing water The occurrences of high nitrate concentrations in ground wa e; are Hardness appears to increase downslope and is higher in wells at the
ith 50 ug/L Arsenic unpred1ctab1e._ As.the'samp11ng QenSIty increases, thg extent of the base of the uplands.
" nitrate contamination in wells will become better defined. Until the

Use of brand names in this report is
for identification only and does not
imply endorsement by the U.S.Geologi-
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Cross section of the Ester Dome area showing well depths and arsenic concentrations.
Some wells near A-A' have been projected onto the cross section and may start above
A-A' shown on inset A, left; vertical exaggeration approximately 2x.

INTRODUCTION

Ground water from selected wells in the Fairbanks area has been
sampled and analyzed by several agencies since 1945. The analyses and
interviews with homeowners have indicated that hardness and the concen-
trations of arsenic, nitrate, iron are the four chemical characteristics
of greatest concern to planners and homeowners in the Fairbanks area.

This report, prepared in cooperation with the Fairbanks North Star
Borough, the U.S. Environmental Protection Agency (EPA), and the Alaska
Department of Environmental Convervation (ADEC), summarizes the arsenic,
nitrate, iron and hardness data presently available for ground water in
the Fairbanks area. Data are from a number of sampling programs con-
ducted since 1945 by the U.S. Geological Survey (USGS), EPM Alaska Water
Laboratory, Center for Disease Control (CDC), and ADEC. Im each of
these programs, samples were analyzed for the constituents that were of
interest at the time. As a result, many of the samples were not ana-
1yzed for all four constituents included in this study. For example,
USGS samples collected prior to 1975 were generally not analyzed for
arsenic; data from the EPA consist of nitrate analyses only; ADEC samples
were analyzed only for arsenic and nitrate, and data from (CDC consist of
arsenic analyses only. The samples were obtained through ssolicitation
of homeowners or at their request; therefore, not every welll in the area
was sampled. The maps show only the concentration of the sselected
constituents found in sampled wells. Because water quality may undergo
significant changes over short distances, the map should not be u§ed in
place of sampling and analysis in the determination of wateer qua]]?y of
unsampled wells or areas. However, the presence of severall contaminated
wells in one area indicates that other wells in the same awea have a
high probability of being contaminated.

Ground water in the Fairbanks area is drawn from two iaquifers, the
bedrock aquifer of the uplands and the alluvial aquifer of the lowlands.
A 1ine separating the uplands from the lowlands has been awrbitrarily
drawn at approximately the 500 foot elevation contour. Thrcoughout much
of the lowlands, particularly the flood plains of the Tanama and Chena
Rivers, the aquifer is capable of yielding hundreds of gal'lons of water
per minute to properly constructed wells. The alluvial aquifer between
the Tanana and Chena Rivers is recharged chiefly by the Tawnana River.
In the uplands a fractured metamorphic-bedrock aquifer is (commonly
overlain by silt and obtains water from local recharge. Weells in the
uplands generally yield 2 to 10 gallons per minute.

DISCUSSION OF CHEMICAL PARAMETERS
Arsenic

A dose of 70,000 micrograms (ug),or less than 1 ounce of pure
arsenic,is toxic to humans (Luh and others, 1973). The toxic level may
vary with the tolerance of the individual and probably depesnds on the
chemical form of the arsenic (National Academy of Sciences,, National
Academy of Engineering,1974). Smaller quantities taken ovexr a long
period of time can accumulate in the body and produce chromic or acute
arsenic poisoning. Its varied symptoms include fatigue, skin growths,
nervous system disturbances, and gestro-intestinal, kidney and liver
ailments. In Taiwan the consumption of water containing moyre than
300 ug/L arsenic has been correlated with increased incidencies of skin
cancer.

Because of the health problems associated with the ingjestion of
arsenic, the State of Alaska and the EPA recommend that arsienic concen-
trations not exceed 50 ug/L in drinking water (U.S. Envirommental Pro-
tection Agency, 1975).

The primary source of arsenic and the mechanisms by whiich it enters

ground water in the Fairbanks area have not been conclusive:ly demonstrated.

However, mineralized bedrock in the Fairbanks area commonly contains an

arsenic-bearing material, arsenopyrite (FeAsS). Scorodite (FeAsOy-2H,0),

a mineral formed by the weathering of arsenopyrite, may also be a source
of arsenic within the bedrock. A bedrock source is indicated because

all the wells with water having arsenic concentrations above EPA standards
are completed in bedrock.

Although a study in Nova Scotia concluded that, in that area,
leachate from mine tailings may have significantly increased arsenic
concentrations in shallow aquifers {Grantham and Jones, 1977), arsenic
contamination of ground water near Fairbanks does not seem to corrélate
with placer or other mining activities. Many wells contaminated by
arsenic do not occur in areas of mining activity. For example, wells in
sec. 20, T. 1 N., R. 1 W. are remote from mining activities and are
upgradient from creeks which might contain leachate from mine tailings.

Arsenic concentrations in Fairbanks-area ground water range from
0 to 10,000 ug/L. No ground water containing more than 50 ug/L arsenic
was found on the flood plain, but many wells in the uplands to the north
yield water with more than 50 ug/L arsenic. Distribution of arsenic-
contaminated wells is sporadic. In many places, arsenic-contaminated
wells and those with low arsenic concentrations are only a few hundred
feet apart (for example wells 7 and 8 in sec. 14, T. 1 N., R. 1 W.}. In
some places, this is caused by the presence of two or more intervals
bearing water with different concentrations of arsenic (Nelson, 1978).
The concentration of arsenic in the well water depends on which interval
was tapped. If two or more intervals are tapped by a well, the arsenic
concentration may also vary with the yield of each zone. The concen-
tration of arsenic may also vary with the duration of pumping, the
settling time in a pressure tank, and precipitation reactions in the
water.

_ Homeowners in the uplands should be aware of the sporadic distribu-
tion of arsenic-contaminated wells and realize the potenttal health hazards
of arsenic. As sampling density increases, the extent of arsenic contamin-
ation in wells will become better defined.

Arsenic dissolved in water is colorless, odorless, tasteless and is
not removed by water-treatment systems commonly used by homeowners.

Nitrate

The element nitrogen (N) occurs in ground water in many forms,
including nitrate (NO3), nitrite (NO2) and ammonium ion(NHs). Nitrogen
is most commonly found in ground water as nitrate (NO3). Most samples
in this report were analyzed for the sum of nitrate plus nitrite. The
results may be reported as NO3 or N. TYo convert a NO3 value to its
equivalent as N, divide by 4.4. In this report, all nitrate values are
reported as N.

Ingestion of water containing more than 10 miiligrams per liter
(mg/L) nitrate may be related to hypertension, cancer, and, in some
infants under 3 months of age, potentially fatal anemia. Bacterial
conversion of the nitrate ion to the nitrite ion may occur in the diges-
tive tract of infants less than 3 months of age (National Academy of
Sciences, National Academy of Engineering, 1974). Nitrite absorbed
into the bloodstream combines with the hemoglobin, reducing the oxygen-
carrying capacity of the bicod. The result, called methemoglobinemia,
is oxygen starvation and results in the so-called "blue baby", a condition
which can be recognized and reversed. However, many infants have consumed
water containing more than 10 mg/L nitrate with no adverse effects.
Factors which may affect susceptibility to nitrate poisoning include
heredity, the ingestion of nitrate-rich vegetabies and vitamin C-rich
foods, and the use of certain medications which affect nitrate metabolism.
Because of the possibility of causing methomoglobinemia, hypertension
and cancer, the EPA has set the recommended maximum nitrate concentration
in drinking water at 10 mg/L.

source of nitrate and the areas affected by high nitrate concentrations
are better known, all homeowners using private wells should be aware
of the potential health hazard.

Nitrate is another coloriess, odorless and tasteless constituent
that is not removed by conventional water treatment systems commonly
used by homeowners.

Iron

Water vich in iron becomes unpalatable long before harmful effects
to humans are noticed. Eyen small amounts of iron can make water smell
and taste bad and cause staining of laundry and appliances. The EPA has
set 0.3 mg/L as the recommended maximum concentration of iron in public
water supplies (U.S. EPA, 1976). Only 16 percent of the sampled wells
in the Fairbanks area haye iron concentrations less than this Timit, and
many homeowners in the Fairbanks area have expressed sati§cht1on with
their water if it contains less than 1 mg/L of iron. Staining caused
by water with iron concentrations of less than 1 mg/L can be effectively
controlled by cleaning agents and bleaches. At concentrations between 1
and 3 mg/L, water may become unpalatable and staining begomes more dif-
ficult to control. Water with more than 3 mg/L of iron is esthetically
unpleasant to many people, turns alcohol or coffee b1ac¥, and makes
staining difficult to control without the use of iron filters. Based
on these considerations, three ranges of concentrations are portrayed on
the map: less than 1 mg/L, 1 to 3 mg/L, and more than 3 mg/L.

The decomposition of organic matter in soils consumes oxygen from
ground water and produces oxygen-deficient environments in which iron is
more readily dissolved. Such conditions are common in the alluvium of
the Tanana River floodplain and in creek valley bottoms. With few ex-
ceptions, iron concentrations in these areas exceed 1 mg/L, and most
wells yield water with more than 3 mg/L of iron.

Iron concentrations in ground water are generally high in the Fair-
banks area, the known maximum being 26 mg/L. They are lower near the
ridgetops and in a small percentage of wells near the river. On the
high ridgetops near Fairbanks, precipitation commonly falls directly
onto bedrock or on a thin cover of wind-blown silt (Toess) and infil-
trates with 1ittle exposure to buried organic material. Iron is less
soluble in such water and ground water under the ridgetops may be
influenced by this source of water low in iron. Water in 60 percent of
the sampied wells completed in bedrock contains less than 1 mg/L of
iron. The iron concentrations generally increase downslope from the
ridgetops. This increase may result from exposure of percolating ground
water to buried organic material in hillside colluyium or alluyium of
the upper creek valleys. It may also result from inorganic oxidation
reactions during the increased time the water is underground as it moves
from the recharge area on the ridgetops toward the valleys.

When iron-rich water is oxygenated as it is in home water systems,
the iron precipitates and causes iron stains. Iron-removal systems
which oxidize household water and filter the resulting precipitated iron
are commercially available.

Certain bacteria speed the oxidation and precipitation of iron
(Hem, 1970). These bacteria live in many wells and cause some of the
iron to precipitate before it reaches a plumbing outlet. They produce a
jelly-1ike slime that can eventually plug the pore spaces in the aquifer
near the wells and slow the influx of water. Slimy masses can break
loose and plug pipes and filters. Heavy chlorination of the wells at
frequent intervals minimizes the development of iron bacteria; however,
once they are established in an aquifer near a well, there is no known
effective method of removing or destroying them.

Hardness

Hardness of water is caused mainly by the presence of dissolved
calcium and magnesium and is expressed as an equivalent quantity of
calcium carbonate. Hard water not only retards the cleaning action of
soap and detergents, but can also form scale on cookware, in water
heaters, and in boilers. However, the hardness of water can be con-
trolled by commercially available softeners. Hard water may also have
some beneficial effects. In the United States, a tentative correlation
has been suggested between areas of hard water and areas where the death
rate from cardiovascular diseases is lower than average (Muss, 1962).
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